Calreticulin (CRT), a Ca 2+ -binding storage protein and chaperone in the endoplasmic reticulum, modulates cell adhesiveness and integrin-dependent Ca 2+ signaling. However, the role of CRT during implantation remains poorly understood. In the present study, we characterized the expression of CRT mRNA and the protein in mouse endometria from pregnancy D1 to D7. Real-Time PCR and in situ hybridization results showed that the levels of CRT mRNA in the endometria of pregnant mice were significantly higher than those of non-pregnant mice (P<0.05), and increased gradually from pregnancy D1 to D4, reaching the maximum level on D4, followed by a plateau from D4 to D7. Using immunofluorescence histochemistry and western blot, changes of CRT expression in the endometria of pregnant mice were consistent with the expression of CRT mRNA. Furthermore, antisense CRT oligodeoxynucleotide was injected into the uterus horns of pregnant mice (D3) to investigate its effect on embryo implantation. The result showed that the number of implanted embryos markedly decreased in the side of uterine horns receiving antisense CRT oligodeoxynucleotide(P<0.05). These findings suggest that CRT may play an important role in embryo implantation in mice.
INTRODUCTION
Signals and molecular pathways responsible for endometrial development and receptivity to embryonic implantation are important issues in reproductive biomedicine because of their implication for treatment of infertility and assisted fertilization and implantation (Wang and Dey, 2006) . Successful implantation depends on synchronization between the complex molecular and cellular events associated with development and differentiation of the blastocyst, and the receptivity of the endometrium. These events are finely regulated by a series of signals and molecules, including ovarian steroids and cytokines (Krüssel et al, 2003) . Calreticulin(CRT) is an ancient and highly conserved Ca 2+ -binding chaperone with more than 90% amino acid homology in mammals (including human, rabbit, rat and mouse), which is expressed in various cells and tissues (Bedard et al, 2005) . Previous studies have indicated that expression of CRT is associated with increased Ca 2+ storage capacity of the endoplasmic reticulum (ER), Ca 2+ -binding chaperones in the lumen of the ER affect luminal Ca 2+ concentrations [Ca 2+ ER] Meldolesi et al, 1998) and that agonist-induced changes in [Ca 2+ ER] affect ER function (Corbett et al, 2000) . Coppolino and Papp et al reported that CRT is involved in cell adhesion via the induction of vinculin and N-cadherin expression (Coppolino et al, 1995; Papp et al, 1999) . It also affects cell adhesion because transient down-regulation of CRT reduces attachment of cells to extracellular matrix substrata (Otteken et al, 1996) . In addition, CRT modulates integrindependent Ca 2+ signaling and steroidsensitive gene expression . During the initial stages of embryo implantation, integrins have central roles in the regulation of adhesion and migratory events at the embryo-maternal interface (Burrows et al, 1996) . Integrins are capable of influencing and mediating adhesion, migration, invasion, cytoskeleton reorganization and cellular signaling, which are all critical for embryo implantation, via binding to various extracellular matrix (ECM) components and cell adhesion molecules (Burghardt et al, 2002) . These findings suggest that CRT may play an important role in the process of embryo implantation. However, the expression and the role of CRT in the uterus during early pregnancy remain unknown. This study aims to examine the expression characteristics of CRT in the mouse endometrium during early pregnancy and the effect of CRT on embryo implantation in order to probe the role of CRT in implantation.
MATERIALS AND METHODS

Animals and endometria isolation
Female and male NIH mice (6-to-8-wk-old) were obtained from the Laboratory Animal Center of Chongqing Medical University [Chongqing, China (Certificate: SCXK (YU) 2006002]). All mice were housed in specific pathogen free (SPF) rooms with a controlled light schedule (12L: 12D) and controlled temperature range (22-25ºC) with free access to food and water. All animal procedures were approved by the Ethics Committee, State Key Laboratory of Reproductive Biology, Institute of Zoology, Chinese Academy of Sciences. The estrus females, whose estrous cycles were identified by analysis of exfoliated vaginal cells under a microscope, were bred with fertile males (female to male: 2 to 1) overnight (12h) and the vaginal plugs were checked the following morning. The day of vaginal plug was considered as Day 1of pregnancy (D1). Pregnant mice were divided into seven groups (D1, D2, D3, D4, D5, D6, and D7) with 20 mice in each group, 20 non-pregnant estrus mice were chosen as controls (D0). Twenty supernumerary D3 mice were used for CRT function study.
Mice in each group were killed between 0800-0900 h by cervical dislocation after intraperitoneal injection of 1% butaylone. Uterine horns were immediately dissected and flushed with saline, and then endometrial tissues were squeezed out from uterine horns by use of fine forceps under an anatomical microscope according to the procedures described by Tan Y (Tan Y et al, 2001 ). The isolated endometrial tissues of 10 mice in each group were immediately stored in liquid nitrogen for Real-Time PCR and western blot. The tissues of the other 10 mice in each group were fixed in 4% paraformaldehyde, embedded in paraffin for immunofluorescence histochemistry and in situ hybridization. In addition, another 20 D3 mice received uterine horns injection of CRT antisense oligonucleotide for CRT function study.
Real-Time PCR of CRT mRNA in mice endometria
RNA extraction
Total RNA of mouse endometria was extracted using the total RNA isolation reagent (TRI reagent, Promage, Madison, WI, USA) according to the manufacturer's instructions. Quantification and purity of the total RNA was examined using UV spectrophotometer, A260/A280≥ 1.8 was the standard. Integrity of the total RNA was identified by agarose gel electrophoresis.
Real-Time PCR
The reverse transcription of cDNA was done in a 25μl reaction system, containing 1 μl RNA (1μg/μl), 500 ng Oligo-dT, 5 × buffer 5 μl, M-MLV (200 U/μl) 1 μl, RNAi (25 U)0.5 μl, dNTPs (10 mmol/L) 5 μl, added DEPC-H 2 O to 25 μl. The reaction conditions were for 5 min at 70 ºC, 60 min at 42ºC and 10 min at 70 ºC. The primers for CRT and β-actin were designed using the primer design program (Primer Premier 5) and synthesized by Dingguo BioTechnologies Co, Ltd., as shown in table 1. Quantification of the transcripts was carried out in the iQ5 Real-Time PCR Detection System (Bio-Rad, Hercules, CA). Templates for PCR were obtained by reverse transcription of cDNA. Real-Time PCR was performed in a total 25 μl reaction system (the SYBR Green I PCR Reagent kit, TaKaRa, Dalian). The reaction conditions were for 3min at 94°C, 5s at 94°C and 30s at 54°C, for 40 cycles. The fluorescence signal of 3rd to 15th cycles was settled as a fluorescent background signal and the baseline was adjusted accordingly. Relative quantification of the expression level of CRT and β-actin mRNA were calculated by the following method: for each reaction to amplify CRT target gene and β-actin gene, the C t value was determined. The ratio of each CRT target mRNA to β-actin mRNA was calculated by the formula 2 -ΔΔCt . The gene expression rate was obtained by normalizing the amount of CRT mRNA with that of β-actin mRNA.
In situ hybridization
Digoxigenin-labeled sense and probes of were designed and synthesized by Dingguo BioTechnologies Co, Ltd. The sequence of antisense CRT probe is: 5'-tgggactttctgccac ccaagaagataaaggaccctgatgctgccaagcc-3'. In situ hybridization was carried out according to the manufacturer's instructions. The mouse endometria samples were fixed immediately in 4% paraformaldehyde and embedded in paraffin. Sections (7μm) were cut, de-paraffinized and rehydrated. The sections were digested with 0.1 mg/ml proteinase K for 7 min at 37°C, and washed three times with PBS. The next step consisted of the prehybridization in hybridization buffer for 3 hr at 42°C and hybridization at 42°C overnight in hybridization buffer containing digoxigenin-labeled sense and antisense probe of CRT at a final concentration of 20ng/ul. After hybridization, the sections were washed for 10 min with 2×SSC, 0.5×SSC for 15 min and 0.2×SSC for 15min at 37°C and incubated in 5% (w/v) bovine serum albumin for 30 min at room temperature, then incubated respectively in anti-rabbit CRT antibody labeled with digoxigen (1: 100) and goat anti-rabbit IgG conjugated to alkaline phosphatase(1: 100) for 60 min at 37°C, washed in PBS for 5 min. The signal was visualized with 5-bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium. The signal intensity of CRT mRNA expression was quantified using Chengdu Jinpan Media Mix Image Analysis Software 1.0 version (Chengdu, China).
Immunofluorescence histochemistry
The mouse endometria samples were fixed immediately in 4% paraformaldehyde and embedded in paraffin. Sections (8μm) were cut, deparaffinized and rehydrated. The sections were soaked in 3% H 2 O 2 solution for 15 min at room temperature to eliminate endogenous peroxidase activity. The sections were placed in 0.01M citrate buffer (pH 7.0) for 15 min at 95°C for antigen retrieval, and then rinsed at least three TABLE 1 Sequences of primers for real-time PCR
Gene
Primer sequence Product size
times with PBS. The sections were incubated with monoclonal anti-rabbit CRT antibody (1: 30 dilution with PBS) (from Santa Cruz Biotechnology Inc) for 2 h at 37°C, washed for 10 min with PBS. The sections were incubated with a secondary antibody of goat anti-rabbit IgG labeled with fluorescein isothiocyanate (FITC) for 2 h at 37°C (Santa Cruz, CA, USA), following extensive washing with PBS. As a negative control, CRT primary antibody was replaced with PBS. The localization of CRT protein expression was analyzed under a confocal laser scanning microscope (LEICA TCS SP2, Germany) and the levels of CRT expression were quantified with Chengdu Jinpan Media Mix Image Analysis Software 1.0 version (Chengdu, China).
Western blot analysis
Total protein was extracted from the mouse endometria of each group using the total protein Tripure reagent kit (Dalian TaKaRa, China) according to the manufacturer's instructions. Protein concentration was measured by the Bradford assay. Protein samples (30μg each sample) were subjected to 10% SDS-polyacrylamide gel electrophoresis and then transferred onto polyvinylidene difluoride membrane using a Bio-Rad electroblot apparatus (Bio-Rad, Beijing, China). The membrane was incubated in blocking PBS containing 0.05% Tween-20(TBST) and 5% nonfat milk for 1 h at room temperature. Immunoblot analyses were accomplished by incubating the membranes with monoclonal rabbit anti-CRT antibody (1: 2000 dilution in 5% milk-TBST) (Santa Cruz, CA, USA) overnight at 4°C, followed by incubating with secondary antibody (goat anti-rabbit IgG) conjugated with horseradish peroxidase (Zhongshan Biosciences Inc, Beijing, China) for 2 h at 37°C. After a final washing in TBST for 1 h, protein bands were visualized by diaminobenzidine tetrahydrochloride (DAB). Densitometry analysis of CRT expression was performed using Quantity One version 4.4.0 analysis software. Primary rabbit anti-CRT antibody was replaced with rabbit antiactin antibody (Zhongshan Biotechnology) as an internal control.
CRT function study during early embryo implantation
To further determine whether the CRT may play a role in embryo implantation, the female mice of pregnancy D3 were given a uterine horn injection of antisense CRT oligodeoxynucleotide according to the procedures described by Zhu (Zhu LJ, et al. 1998 ). The oligodeoxynucleotides were designed and synthesized (Dalian TaKaRa, China) according to the sequence of mouse CRT gene cDNA. The sequences of oligodeoxynucleotides were: sense CRT oligodeoxynucleotide: 5'-CGGCCCGCCA TGCTCCTTTCG-3'; antisense CRT oligodeoxynucleotide: 5'-CGAAAGGAGC ATGGCGGGCCG-3'. The antisense CRT oligodeoxynucleotide was complementary to bases 125-145 bp within exon I of the mouse CRT (GenBank Accession Number: NM_007591.3). Analysis of homology between the synthesized oligomer and the rodent sequences present in GenBank data bases by Genetics Computer Group sequence analysis software package revealed that the synthesized oligomer was specifically complementary only to CRT mRNA.
Antisense CRT oligodeoxynucleotide of 81ug was dissolved in 50ul 0.9% NaCl solution for stock solution (solution A). Lipofectamine2000 6ul was diluted with 50ul 0.9% NaCl solution (solution B). A working solution was prepared by mixture of the two solutions before injection. After female mice were anesthetized, disinfected and underwent midventral laparotomy on D3 of pregnancy between 0800-0900 h, the right uterine horn of each mouse (n=10) was fixed with forceps, and the needle was very slowly introduced as close as possible to the cervix in the uterine horn. The working solution (8μl) containing antisense CRT oligodeoxynucleotide was injected into the right uterine horn of each animal. Each animal served as her own control, with the left uterine horn receiving the same volume of sense CRT oligodeoxynucleotide solution. In addition, the two sides of uterine of each mouse (n=10) on pregnancy D3 were only injected with 8μl of 0.9% NaCl solution as a loading control. On D8 of pregnancy, all animal were killed between 8: 00AM-9:
00AM by cervical dislocation after intraperitoneal injection of 1% butaylone, and then the uterine were removed by laparotomy and the number of implanted embryos was recorded in each uterine horn.
Statistical analysis
All statistical data obtained from the experiment were analyzed using the Statistical Package for the Social Sciences software (SPSS for Windows package release 10.0, SPSS Inc., Chicago, IL, USA). Statistical significance was determined using one-way ANOVA. Post-Hoc comparisons between groups were made by Fisher's protected least-significance-difference test. Values were means ±S.D. Differences were considered significant at P<0.05.
RESULTS
CRT mRNA expression in mouse endometria during early pregnancy
The level of CRT mRNA was detected in endometria of pregnant and non-pregnant mice by Real-Time PCR. The result showed that the relative ratio of CRT mRNA on D1, D2, D3, D4, D5, D6, D7 was 1.45±0.013, 1.53±0.015, 1.65±0.011, 1.98±0.009, 1.97±0.010, 1.88±0.012 and 1.87±0.010 , respectively (relative ratio of CRT mRNA on D0 was set 1 as a reference, Fig.1 ). The level of CRT mRNA of pregnant mice showed a gradual increasing trend as days passed, reaching the maximum level on D4, followed by a plateau in CRT mRNA expression. Analysis of variance showed that the expression of CRT mRNA has significant differences between pregnant and non-pregnant mice (P<0.05). In situ hybridization of the endometria sections further confirmed the results obtained by Real-Time PCR. CRT mRNA was mainly expressed in the luminal epithelium, glandular epithelium and stroma cells during this period (Fig. 2) . No signal was detected when the antisense probe was replaced with the sense probe (Fig. 2NC) . The weak signal of CRT mRNA was present in the endometrial gland epithelium and stroma cells of non-pregnant mice (Fig.2) .
Expression of CRT protein in the endometrium
The quantitative change of CRT expression in endometria was estimated by Western blot, as shown in Fig. 3 . The protein level was gradually increased from D1 to D7 in a time-dependent manner, reached the maximal level on D4 (Fig. 3) , just the time of implantation window. Densitometric analysis indicated that the intensity of CRT expression was higher in pregnant mice than in non-pregnant mice (P<0.05).
Immunofluorescence histochemistry analysis showed that The CRT protein was mainly located in the uterine luminal, glandular epithelium and stromal cells. The highest expression was also observed on D4 (Fig. 4) . The levels and change of CRT protein expression also coincided with the mRNA levels detected by Real-Time PCR.
Functional study of CRT during embryo implantation
The effect of blockage of CRT gene expression on embryonic implantation was investigated using an antisense CRT oligodeoxynucleotide as a blocker on D3. The results indicated that the number of implanted embryos in the right uterine horns receiving antisense CRT oligodeoxynucleotide was significantly lower than in the left uterine horns receiving sense CRT oligodeoxynucleotide (the right: 2.92±1.02; the left: 7.66±0.93; P<0.05; Fig. 5A ). In addition, the number of implanted embryos in uterine horns of the right and the left receiving 0.9% NaCl solution did not decrease (7.93±0.86 and 7.45±0.87, respectively. P>0.05; Fig. 5B ). These data showed that the total number of implanted embryos was affected by uterus horn injection with antisense CRT oligodeoxynucleotide (*P<0.05; Fig. 5C ).
DISCUSSION
Endometrial receptivity towards embryo implantation is a complex event that involves various processes, such as blastocyst adhesion, trophoblast invasion, decidualization and cell-to-cell interaction, controlled by a variety of molecules produced by endometrium, embryo and ovary (Liu YX, 2004) . The dialog between the ovary and the endometrium provides the hormonal environment for establishment of a successful pregnancy. The hormones estrogen and progesterone act coordinately to stimulate the expression of key molecules necessary for embryos to attach to and invade. It is thought that initial attachment of the embryo involves cell adhesion events. The best characterized cell adhesion molecule on the luminal surface of the endometrium is the alpha-beta 3 integrin. CRT can interact with a-subunits of integrin receptors via the highly conserved KXGFFKR sequence in the cytoplasmic domain and is considered a potential integrin regulatory protein. This interaction is important in mediating cell attachment and spreading on extracellular matrix (EMC) substrates (Coppolino et al., 1999; Reilly et al, 2004) . Integrins are a large family of transmembrane heterodimeric proteins that mediate cell-cell and cell-ECM adhesion by its interaction with the ECM including vitronectin, fibronection. Integrins are considered as markers of the implantation window and contribute to the transformation of endometrium from the non-adhesion to the adhesion status for embryo adhesion and implantation (Wang and Armant, 2002; Lessey and Arnold, 1998) . These findings strongly imply that CRT may be involved in embryo implantation. Consequently, we examined the characteristics of CRT expression in the endometrium during early pregnancy. Our results demonstrated that levels of CRT mRNA and its protein in the endometria of pregnant mice were significantly higher than those of nonpregnant mice, and increased gradually from D1 to D7, reaching the maximum level on D4 and D5 (just around implantation window), followed by maintaining high levels on D6 and D7. Expression of this molecule were mainly observed in the luminal, glandular epithelia and stromal cells and showed a temporal and spatial pattern of relationship with the establishment of early pregnancy, the highest level appeared on D4. The previous study indicated that the adhesive reaction of blastocyst trophectoderm with the luminal epithelium initiate the implantation. Early event of implantation occurs on the midnight of D4 or early morning of D5 in mice (Wang X, et al, 2004 ). The expression of integrins is necessary for the adhesion and invasive capability of blastocyst to endometrium during the implantation window (Lessey et al, 1992; Lessey et at, 1994) and changes in CRT expression in endometrium may regulate integrin function and cell adhesion to facilitate the implantation process (Leung-Hagestei et al, 1994 ; Fadel et al, 1994; . Our results show that the highest level of CRT expression in endometrium is concordant with "the implantation window" (on D4 and D5) and a role for CRT interacting with integrins to regulate blatocyst adhesion and invasion into uterine endometrium. The observation strongly implied that CRT may be a critical factor during implantation. Given the increase of the CRT levels in the uterus, even when the embryos are still in the oviduct on pregnancy, we think that the embryo, as a stimulus, may induce a series of physiologic reactions of endometrium, including production of a variety of molecules benefitting from endometrial cell differentiation, blastcyst adhesion, trophblast invasion and decidualization. The event is very important for implantation priming and protection of implanted embryo when the embryo enters the uterus. Although the embryos are still in the oviduct on pregnancy D1, a series of molecules related to implantation, including CRT, begin to be expressed in endometrium in order to provide a suitable endometrial circumstance for the implantation.
The results of the present study indicate that a temporal-spatial pattern of CRT expression in endometria during the implantation process might be essential for implantation. The presence of the embryo in the uterus as a stimulus may be important for increasing CRT expression. One can expect that a reduction of CRT expression could prevent acquisition of a receptive state of the endometrium, leading to a failure of implantation. Therefore, we designed an experiment directly injecting antisense CRT oligodeoxynucleotide into pregnant mouse uterus on D3 in order to investigate the function of CRT during implantation. Previous study confirmed that it is effective for inhibition of gene expression through uterine horns injecting oligodeoxynucleotide (Zhu et al, 1998) . Especially recently, Yuan et al certified further that oligodeoxynucleotide can be effectively taken up by the uterine luminal, glandular epithelium and stromal cells (Yuan JX et al, 2009 ). It is known that antisense oligodeoxynucleotide has a halflife of 24-28 hours in certain tissues (Wagner RW, 1994) . Therefore, one may expect that the antisense CRT oligodeoxynucleotide by uterine horns injection on D3 is effective for suppresion of CRT expression in the subsequent Day 4-Day 5 of pregnancy (implantation window). In this study, the number of implanted embryos was significantly lower in the uterus horn injection of antisense CRT oligodeoxynucleotide on D3. The statistical analysis of the difference in the number of implanted embryos between the antisense-and sense oligodeoxynucleotidetreated groups showed that embryo implantation was indeed inhibited with the treatment of CRT antisense oligodeoxynucleotide (P<0.05). Our findings strongly imply that CRT may be involved in the initial stages of embryo implantation. However, it can not be ruled out that the CRT antisense oligonucleotide may have direct inhibitory effects on the adhesive character of integrins.
In summary, our data have demonstrated a significant increase of CRT expression on D4 and D5. It seems that CRT plays an important role in the implantation process in rodents and this may be similar in humans. However, further studies are necessary to reveal the molecular mechanisms of CRT involvement in this process.
